Differentiation of a simple power

To differentiate s = ¢". Example
e Bring the existing power down and use it to multiply. | s = ¢
d ‘
e Reduce the old power by one and use this as the i—j = 3!
I
new power.
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Differentiation of a unit power
To differentiate s = t.
e The phrase ‘a unit power’ refers to the fact that the power is 1.
e Note that ¢ is the same as t!. We can use the previous rule.
e Differentiating the term ¢ = ¢! gives 1t = 1
Answer ﬁ =1
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Differentiation of a constant

To differentiate s = a where a is a constant. Example
e An isolated constant always differentiates to zero. | s =4
Answer % =0 % =0
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Differentiation of a simple power multiplied by a constant
To differentiate s = at™ where a is a constant. Example
e Bring the existing power down and use it to multiply. s =3t
d
e Reduce the old power by one and use this as the new power. d_j =4 x 3!
d:
Answer & ant™ ™! =12
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Differentiation of a unit power multiplied by a constant

To differentiate s = at where a is a constant. Example
e The result is always the same as the constant. s=3t
ds ds
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Differentiation of a general power
To differentiate s = t" for any value of n. Example
e Bring the existing power down and use it to multiply. | s = ¢t
d
e Reduce the old power by one and use this as the d—j = 3.4t 341
new pOwer.
Answer ds _ nt"! = 3.4t
dt
ds dy dr
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Differentiation of a general power multiplied by a constant

To differentiate s = at™ for any value of n where a is a constant. | Example
e Bring the existing power down and use it to multiply. s=2.5t"1
S ds —4—1
e Reduce the old power by one and use this as the new power. = —4 x 2.5t
Answer d—: =ant™ ! = —107?
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RS ay — 443 as — 8y1/2. ap
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Differentiation of a sum or difference of terms
To differentiate s = f(t) + g(t) or s = f(t) — g(t). | Example
e Differentiate f(¢) and g(¢) using previous rules. | s=3t*+ 613
ds 21, 1 1
e Add or subtract the results. pri 2x 3t + 3 x 613
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Differentiation of a simple fraction

To differentiate s = % where a is a constant. | Example
. _ 2
e Rewrite as s = at™". s =—
)
=2t
ds ,
e Differentiate using previous rules. T; =3 x2t37!
d
Answer ds = —ant™ ™! = —6t~1
dt
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Differentiation of fractions reducible to simpler fractions
+ bt™
To differentiate s = a J; . Example
C m
n 2
e Rewrite as s = b . 5= At
ctm™ ™ 5t3
4 32
U- > 1 t ;,'. lf 7. = —F — 0
e Use power laws to sumplily e + 5
4¢3 3!
¢ Differentiate using previous rules. = — -
J J
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Differentiation of a simple bracket
To differentiate s = (at + b)". Example
e Bring the existing power down and use it to multiply. s = (3t +6)°

e Multiply your results together.

e Differentiate the expression inside the bracket.

e Reduce the old power by 1 and use this as the new power.

Answer —(;i = an(at + b)"! = 15(3t + 6)*
ds dv df
= 6 _— ) = 5 A 7 —_— = . 2'5‘ —_—
(a) s=(2t+3)", 0 (b) v=(5+2t), o (c) 6=(0.4t+1)>7, 7
(d) z=(mz+24)%, —:Z (e) a=(5t—3)72 —(f;; (f) s=(3—6t)2, —Zj
dy . dy . dz
= — 1/2 - = 3 - = — 0.5 —_—
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Differentiation of a general bracket

To differentiate s = [ f(t)]".

¢ Bring the existing power down

Example

s= (5t =32 +1)7

and use it to multiply.
e Reduce the old power by 1

and use this as the new power.

e Differentiate f(#) to give %

e Multiply your results together. % =7x(5t" =32 + 1) Ix (3 x 5> =2 x 3t*71 4+ 0)
e Simplify. = 7(5t% — 3t* + 1)5(15¢> — 6t)

Answer % =n[f(t) }”’1.% = 21¢(58% — 3% + 1)%(5t — 2)

(a) 5 = (312 + 21 + 4)° % (b) r = (462 — 20+ 1)-2 % (c) v = (822 + 5z)? Z—z
(d) 0= (3t+1)! % (¢) p= (502 +2)2 Z—f (£) y = (BB +1+1) Z—f
(g) z= (523 +1)~* 3—5; (h) s = (2t + 1)* % (i) = = (3y? — 4y)? j—j




Practice

1. In each of the following determine %

(a) s= % (b) s= $1/2
1 2%+ 1
(d) s = gt (6) g = -
(9) s=(5t+1)* (h) s=3t+1)7!
(j) s=52+3t+6 (k) s =263 4 ¢4

d
2. In each of the following determine d—y

(a) y=a'/? () y=(z+1)"?
1
(d) y:5$+; () y=>5a?
2
(9) y=(2z+ 1) () y=112
(1) y=4x2+3z7! (k) y=24— 22734

(c) s=dt?
t3 — 3t +4
(f) s=—%p
, 2
O s=57y

(1) s=(2t+3t"1"°

T

y = (22° + 32* — 5z)?



Answers

Section 1

(a) 9t° (b) 423 (¢) 5t (d) 7a°
(e) 12z (f) 3r (9) 6° (h) 2r
(i) 867 (j) 198 (k) 11410 (1) 10v°
Section 2

(a) 1 (b) 1 (c) 1 (d) 1

() 1 (f) 1 (9) 1 (h) 1

(1) 1 () 1 (k) 1 (1) 1

Section 3

(a) 0 () 0 (¢) 0 d) 0

() 0 (f) 0 (9) © (h) 0

(i) 0 (7) 0 (k) 0 (1 o
Section 4

(a) 12 (b) 2127 () 26* (d) 12r%
(¢) 2mr (f) 246° (g) 4583 (h) 1802
(i) 28z (j) 35t° (k) 420° (I) 96N7
Section 5

(a) 5 () 6 (c) 4 d 7

(€) 0.5 (f) = (9) L7 () 1/3

(i) 1/4 (j) 3.14 (k) 5 (1) 96



Section 6

(a) 2.8t% (b) 22713 (c) 0.16-%/4 (d)
(e) '/ (f) —6677 (9) —t7 (h)
(i) Jo'1 () —5t*? (k) 1.80°% (1)
Section 7
(a) T7.529% () —12¢7* (e) 4v=!/2
(e) v 05 (f) —15w™3 (g) 52n°
(i) 10t3 (j) 6.25p13 (k) —15z11
Section 8
(a) 2t+ 32 (b) 2+126 (€ 4
(e) 13.5¢%7 4 4¢72 (f) 27424573 (g9) 2741223
(i) 3+ g
Section 9
(a) —t72 (b) —4i73 (¢) —15z7*
(e) —2.25t7%/2 (f) —60t" (9) —19.6z7°
() -6 G) —EC () e
Section 10
(@) —t2 (b) 10t () —5t2 6t3 3t~
(e) — g:r:*2 fH - gtig (9) —4t3—-5t2+2

— 1274
— 350743

—6NT

— 6n2
(h) &

() 12073

(d) 5-—20t

(h)

— 2572 4 2773

— 16.8778

—7.5074

— 75733

(d) —142=* — 6272



Section 11

(a) 12(2t + 3)° (b) 14(5+2¢)° () (0.4t+1)'® (d) 107(rz +2.4)°
(e) —10(5t—3)73 (f) 18(3—6t)~* (9) 2(4z—1)"1/2 (h) 1.5(2+ 0.5t)

(i) —2(4z—6)"1>

Section 12

(@) 1032 +2t+4) (3t +1) () —4(46%2—20+1)3(10—1) (c) 2(822+ 5z)(16z +5)

(d) —3(3t+1)"2 (e) —20v(5v%+2)73 (f) 283 +t+1D)(32+1)
(g) —60x%(52% +1)~° (h) 8(2t+1)3 (i) 6(3y% — 4y)*(3y — 2)
Section 13
Exercise 1
(a) —2t72 (b) %rlf"‘ () —8t73
(d) 1/3 () —t (f) 1+3t72—8t
(g) 20(5¢+1)* (h) —3(3t+1)2 (i) —6(3t+1)?
(j) 10t+3 (k) —6t*4+48 () —=502t+3t1)52-3t2
Exercise 2
1 -1/2 1 =1/2 -2
(a) 52: / (b) E(I +1) / (¢) =3z
(d) 5—a2 (e) 10z (f) 70x(z? +1)*
2 -2/3 -2 ; 10 3
(9) 3Rz+1) / (h) —Tz @0 -3=
(j) —8x3—3x? (k) §I_7/4 (1) 2(22% + 322 — 51)(622 + 62 — 5)



Exercise 3

(a) 3 (b) — 2.1t — 18¢2 (¢) —2.5(5t—6)"17
(d) —4t2+3 (e) 0 (f) —4t3+3t2+5
(9) —3(6t—2)"1° (h) —6t3 (i) 3+0.1t 11

(j) 3283 —1.5¢712 (k) 6(5t2 + 3t%)*(—5t—3 + 3t) () -



